 e purpose of this paper is to estimate an alternative implied cost of capital, as inferred from a valuation model, and to attempt to compare its validity. We compare the following major fi ve models: 1) a model proposed by Gebhardt et al. (2001) ; 2) a model suggested by Ohlson and Juettner-Nauroth (2005) ; 3) an expected earnings to price ratio (EP ratio); 4) a PEG ratio; and 5) a modifi ed PEG ratio (the last two being proposed by Easton (2004)). For the criteria of valuation in this study, we focused on the following two points: fi rst, a signifi cant correlation with the risk factors consistent with the expected signs and, second, that the coeffi cients have the expected sign and that the adjusted R-square is high in the multivariate models that regress the cost of capital on the risk factors. As a result, we conclude that the PEG and modifi ed PEG ratios are superior to other models. Furthermore, we suggest that the correlation between the cost of capital and the risk factors varies, depending on the periods. Although Gode and Mohanram (2003) pointed out that the diff erence in the cost of capital by industry is important, this study shows that the diff erence in the time series of the cost of capital is more important in Japan.
a valuation model, and to attempt to compare its validity. e cost of capital is "the cost necessary to anchor shareholders to the company" from the company's point of view, and "expected returns on capital investment" from the shareholders' point of view. Cost of capital can be calculated by adding a risk premium to a risk-free rate, but the risk premium cannot be directly observed. us, some arguments have ensued about inferring the cost of capital, and thus far, the argument has focused on the following two approaches. One is the ex post approach using realized returns, which are estimated by a capital asset pricing model (CAPM) or the three-factor model of Fama and French (1992, 1993) . Another is the ex ante approach using a residual income model and an abnormal earnings growth valuation model. Since the cost of capital estimated with the latter approach reflects the cost implicitly expected by market participants at the time of capital investment, it is often called an "implied cost of capital." In this study, we focus on the implied cost of capital.
In recent years, many studies using the implied cost of capital have been published, and the validity of the implied cost of capital has been suggested in many studies (e.g., Lee et al. 2009; Pastor et al. 2008 ). 1 However, alternative models exist for estimating the implied cost of capital, as well as various assumptions. us, we are interested in which of the models is the most appropriate for estimating the cost of capital. In this paper, we compare the following five major models: 1) a model proposed by Gebhardt et al. (2001) ; 2) one suggested by Ohlson and Juettner-Nauroth (2005) ; 3) an expected earnings to price ratio (EP ratio); 4) a PEG ratio; and 5) a modified PEG ratio (the last two being proposed by Easton (2004) ). For the criteria of valuation in this study, we focused on the following two points: first, a significant correlation with the risk factors consistent with the expected signs and, second, that the coefficients have the expected sign and that the adjusted R-square is high in the multivariate models that regress the cost of capital on the risk factors. As a result, we conclude that the PEG ratio and modified PEG ratio are superior to other models, and that their validity varies, depending on the periods. is paper makes several contributions as follows. First, it is the first study in which the implied cost of capital is compared in terms of a correlation with risk factors in Japan. As there have been only a few studies in Japan focusing on the implied cost of capital, it has not been fully clarified which is the best model for inferring the cost of capital. In this paper, we show that the PEG and modified PEG ratios are the most appropriate for an analysis of the cost of capital in Japan. Second, this paper presents the evidence in terms of a comparison with U. S. analysis results. While prior studies (e.g., Gode and Mohanram 2003) suggest the superiority of a cost of capital inferred from the Gebhardt et al. (2001) model, this paper indicates that the cost of capital inferred from the PEG and modified PEG models reflects risks more appropriately. Finally, in this paper, we suggest that the correlation between the cost of capital and risk factors varies, depending on the time period. Although Gode and Mohanram (2003) pointed out that the difference in the cost of capital by industry is important, it is shown that the difference in cost of capital by time series is more important in Japan. e models considering abnormal earnings growth-such as the Ohlson and Juettner-Nauroth (2005) model, PEG ratio, and modified PEG ratio-have become more weakly correlated with risk factors since the second half of the 1990s. On the contrary, the correlation between the model inferred from Gebhardt et al. (2001) and the risk factors becomes stronger. In general, the results of our analysis present beneficial evidence about the superiority of the model for inferring the implied cost of capital in a Japanese environment. is paper proceeds as follows. In section 2, we review prior studies that compare the alternative costs of capital. Section 3 presents the research design. In particular, we explain five models for estimating the cost of capital, and seven risk factors. Section 4 shows the sample and descriptive statistics. e analysis results are reported in section 5. Finally, in section 6 we summarize the conclusions.
Prior Studies
Many researchers have studied the relationship between various variables and the implied cost of capital. For example, the relationship between the cost of capital and the below-mentioned variables is analyzed: the disclosure level of the IR (investor relations) and environmental information (e.g., Botosan 1997; Botosan and Plumlee 2002; Espinosa and Tronbetta 2007; Francis et al. 2005; Francis et al. 2008; Hail 2002; Otogawa 2000; Suda et al. 2004; Chujo 2006) , earnings attributes (e.g., Bhattacharya et al. 2003; Francis et al. 2004; Verdi 2006; McInnis 2010) , precision of analyst forecasts (e.g., Botosan et al. 2004; Otogawa and Muramiya 2006) , precision of management earnings forecast (e.g., Muramiya 2006) , restatement of financial statements (e.g., Hribar and Jenkins 2004; Xu et al. 2006) , the effect of the Sarbanes-Oxley Act (e.g., Ashbaugh-Skaife et al. 2009; Beneish et al. 2008; Hammersley et al. 2008; Ogneva et al. 2007) , and the effect of Regulation Fair Disclosure (e.g., Chen et al. 2010 ).
In addition, some studies have analyzed the impacts of adopting international accounting standards (e.g., Cuijpers and Buijink 2005; Daske 2006; Christensen et al. 2007; Daske et al. 2008 Daske et al. , 2011 Karamanou and Nishiotis 2009; Dargenidou et al. 2006; Li 2010) , securities regulation for investor protection (e.g., Hail and Leuz 2006) , and various tax factors (e.g., Dhaliwal et al. 2005 Dhaliwal et al. , 2006 Dhaliwal et al. , 2007 on the cost of capital. Several studies show evidence that some auditing factors affect the cost of capital: for example, the auditor independence (e.g., Hope et al. 2009; Khurana and Raman 2006) and the size of the auditing firms ("Big Four" and "Non-big Four") (e.g., Khurana and Raman 2004) . In finance research, there are studies that examine the relationship with the structure of corporate governance (e.g., Ashbaugh-Skaife et al. 2005; Guedhami and Mishra 2010) , types of shareholder rights (e.g., Cheng et al. 2006 Cheng et al. , 2008 Chen et al. 2011), cross-listings (e.g., Hail and Leuz 2009) , and diversification strategy of firms (e.g., Inoue and Noma 2007) , as well as those that have examined the validity of using an implied cost of capital in an investment strategy (e.g., Desrosiers et al. 2007; Esterer and Schrder 2006) .
However, estimations of the implied cost of capital in these preceding studies were not carried out with identical models. ere are many estimation models for the cost of capital according to assumptions regarding earnings growth and dividends, as well as forecast periods. Prior studies have generally used the following models: 1) the Gebhardt et al. (2001) model, the Claus and omas (2001) model, and the Gordon and Gordon (1997) model, based on a residual income model; 2) the Ohlson and Juettner-Nauroth (2005) model, called the abnormal earnings growth valuation model; and 3) the PEG ratio and modified PEG ratio, which are one form of an abnormal earnings growth valuation model, both suggested by Easton (2004) . ese models will be presented in section 3. Here, we are interested in which model would be the most appropriate to estimate the cost of capital. As stated above, since the true value of the cost of capital is not observable, it is not possible to compare them easily. erefore, the preceding studies compare these models in establishing many valuation criteria. To be more specific, the cost of capital is evaluated by measuring the correlation with observable risk factors and realized stock returns. In other words, a cost of capital that shows expected signs and a higher correlation with risk factors and realized stock returns is regarded as desirable. However, the evidence of these studies is not consistent.
For example, Gode and Mohanram (2003) compared the costs of capital derived from the models of Ohlson and Juettner-Nauroth (2005) , Gebhardt et al. (2001) , and Liu et al. (2002) . ey compared costs of capital using the following three methods. First, they examined the correlation with risk factors. Second, they examined the correlation with a risk premium computed by multiplying a realized value of risk factors and a coefficient obtained with a regression of the risk premium in the previous year on risk factors in the previous year. ird, they examined the correlation with a realized stock return. As a result, they show that all costs of capital have a positive correlation with conventional risk factors (such as earnings volatility, variability in stock returns, and leverage), and that they have a negative correlation with analysts' coverage. In particular, cost of capital as derived from the Gebhardt et al. (2001) model has a higher correlation with risk factors than that of the Ohlson and Juettner-Nauroth (2005) model. erefore, Gode and Mohanram conclude that the Gebhardt et al. (2001) model is superior to the Ohlson and Juettner-Nauroth (2005) model. 2 In contrast, Botosan and Plumlee (2005) compare the costs of capital by focusing on differences in assumptions of terminal value. ey infer the cost of capital from five models proposed by Botosan and Plumlee (2002) , Gebhardt et al. (2001) , Gordon and Gordon (1997) , Gode and Mohanram (2003) , and Easton (2004) . 3 ey also measure the correlation with such risk factors as market beta, leverage, information risks, market value, book-to-market ratio, and growth in expected earnings. As a result, they suggest that the models presented in Botosan and Plumlee (2002) and in Easton (2004) show the most consistent correlation with risk factors. Meanwhile, they point out that the cost of capital as inferred from the model of Gebhardt et al. (2001) does not show a consistent correlation with risk factors. Easton and Monahan (2005) compare the costs of capital in terms of a correlation with realized stock returns. ey show that all costs of capital derived from seven types of models for analysis have a negative correlation with realized stock returns, contrary to expectation. Consequently, they conclude that an implied cost of capital is less reliable as a proxy for expected return. However, they also noted the following two points. First, if analysts' consensus regarding a long-term growth forecast is low, the reliability of the cost of capital as inferred from the model of Claus and omas (2001) becomes higher. Second, when ex post analysts' forecast error is low, all costs of capital have a positive correlation, as expected. In other words, their result suggests that the superiority of the cost of capital is dependent on the analysts' forecast error. Guay et al. (2006) compare the significance of slope coefficients, obtained with a regression of future realized stock returns, to cost of capital. ey use the cost of capital inferred from each model proposed by Gebhardt et al. (2001) , Claus and omas (2001) , Gordon and Gordon (1997) , Ohlson and Juettner-Nauroth (2005) , and Easton (2004) . ey measure realized stock returns from one year ahead to three years ahead. e result shows that any costs of capital have a low correlation 2 However, because the result varies depending on whether loss firms are included in the calculation of the industry median (Gebhardt et al. 2001) or not (Liu et al. 2002) , it is necessary to interpret the superiority of the residual income model to a limited extent. On the contrary, Gode and Mohanram (2003) conclude that the cost of capital inferred from Ohlson and Juettner-Nauroth (2005) shows a more robust result. 3 Assumptions regarding terminal value in each study are as follows: 1) Botosan and Plumlee (2002) : analysts' forecast on terminal value is equal to a market forecast; 2) Gebhardt et al. (2001) : ROE (return on equity) exceeding the prediction horizon converges on industry median. 3) Gordon and Gordon (1997) : ROE exceeding the prediction horizon approximates a cost of capital. 4) Gode and Mohanram (2003) : Corporate abnormal earnings growth converges on the economic level if exceeding the forecasts horizon; 5) Easton (2004) : Corporate abnormal earnings growth is zero if exceeding the forecast horizon.
with future stock returns. However, they point out that the cost of capital inferred from the model of Gebhardt et al. (2001) shows a relatively high correlation, and it is an appropriate benchmark for forecasting future stock returns. Chen et al. (2004) compare the costs of capital inferred from the models of Gebhardt et al. (2001) and Ohlson and Juettner-Nauroth (2005) in seven countries (U.S., U.K., Australia, Canada, Japan, Germany, and France). As a result, they show that, under a circumstance in which a clean surplus relationship is maintained in financial reporting, the cost of capital derived from the model of Gebhardt et al. (2001) is more reliable. ey also show that, under a circumstance in which the clean surplus relationship is not necessarily maintained, the model of Ohlson and Juettner-Nauroth (2005) estimates a more reliable cost of capital.
As for the implied costs of capital discussed above, consistent results have not necessarily been obtained. In this study, we attempt to additional empirical evidence for these studies, using data from Japanese companies.
Research Design
As stated above, many alternative models are used to estimate an implied cost of capital. ey are generally classified into two types-one based on the residual income model, such as that from Gebhardt et al. (2001) , and the one based on abnormal earnings growth valuation, such as the Ohlson and Juettner-Nauroth (2005) model. We focus on these two models, and summarize their differences. Both are commonly based on a discounted dividend model, but there are some differences as follows. 4 One difference is an assumption regarding the clean surplus relationship. As seen in the expression below, the model proposed by Gebhardt et al. (2001) requires information on shareholders' equity, in addition to dividends, current stock prices, and earnings forecasts. Meanwhile, the model proposed by Ohlson and Juettner-Nauroth (2005) uses only dividends, current stock prices, and expected returns, but does not need information on shareholders' equity. e Gebhardt et al. (2001) model requires assuming a clean surplus relationship so as to compute the forecasted shareholders' equity. However, the Ohlson and Juettner-Nauroth (2005) model is not necessarily based on the assumption of a clean surplus relationship.
Another difference is the use of long-term forecast data. Gebhardt et al. (2001) model needs forecasted ROEs over 12 years ahead and a future dividend payout ratio as information for a longterm forecast. In order to estimate forecasted ROEs over 12 terms, the Gebhardt et al. (2001) model hypothesizes that ROE will converge on the industry median in the long term. 5 erefore, the numerical value of the industry median affects the forecasted ROE. Meanwhile, the Ohlson and Juettner-Nauroth (2005) model involves only the short-term forecasted ROE for two years ahead, and the long-term forecast depends only on γ in the expression, EPS t+1 = γ EPS t . Consequently, the industry median of ROE is not required.
In this study, we are interested in how an estimated cost of capital is influenced by these differences between the two models. Based on preceding studies, such as those of Gode and Mohanram (2003) and Botosan and Plumlee (2005) , we compare costs of capital using the following two methods. First, we compute risk factors considered to be generally supported, and compare the correlation with the cost of capital. Second, we compare the signs of coefficients and the explanatory power of the models by estimating a multiple regression model in which the cost of capital is a dependent variable and a risk factor is an independent variable. In this study, we consider that the higher the correlation is with the risk factors, or the higher an adjusted R-square is with the expected sign of the coefficient of the multiple regression model, the more the cost of capital is presumably reflecting risks. Next, we explain the estimation model for the cost of the capital and risk factors used in this paper.
Inferring the Cost of Capital 3.1.1 e Gebhardt et al. (2001) Model
As mentioned above, the Gebhardt et al. (2001) model for inferring the cost of capital is based on the residual income model, and it can be represented by equation (1) below. Where P 0 is a stock price at 0; BVPS t is forecasted book value per share at period t; FROE t is forecasted ROE at period t; and x denotes the cost of capital. As forecasted future earnings are available to a limited extent, the forecasted earnings and the earnings growth ratio are used explicitly for three years. e values after this period are assumed to converge on an industry median. e forecast period of 12 years is adopted in this case. Gebhardt et al. (2001) model requires forecasted values of ROE, book value per share, and dividend per share. e forecasted ROEs for one year and two years ahead are computed by using the forecasted earnings per share (EPS: reported by IBES). erefore, when the forecasted EPS at the fiscal year t is defined as FEPS t , the forecasted ROE for i years ahead is expressed as FEPS t+i / BVPS t+i -1 . e forecasted earnings for three years ahead, FEPS 3 , are computed by multiplying the forecasted earnings for two years ahead, FEPS 2 , and the long-term growth reported by IBES around the same time of this forecasted value. From 4 years to 12 years ahead, a constant amount is deducted every year, from the forecasted value for 3 years ahead to the median of the industry to which the company belongs. Here, the industry median is the median of the values in the industry to which the company belongs (the Nikkei industry code is used here) as experienced over the past 10 years up to the current year. To be more specific, the industry median is obtained by computing a median for each year over the past 10 years, then calculating the median of that 10-year period. It is incorporated into the model from the viewpoint of measuring how much profitability the company may have in the future by using the industry median.
e forecasted book value per share, BVPS 1 , is obtained by using the clean surplus relationship, adding the forecasted EPS in the next year to the current book value per share, BVPS 0 , and subtracting the forecasted dividend per share, DPS 1 . In other words, the forecasted book value for the fiscal year t is expressed by the following equation: BVPS t = BVPS t-1 + FEPS t -DPS t . At this time, the necessary forecasted dividend per share is computed by using a dividend payout ratio.
Specifically, on the assumption that the dividend payout ratio is invariable, the forecasted dividend is computed by multiplying the dividend payout ratio calculated in the current year and the forecasted EPS. Consequently, the expression to calculate the forecasted dividend per share for the fiscal year t is FEPS t ·DPS 0 / EPS 0 . e cost of capital is computed by solving the above polynomial equation for x. is polynomial equation may have multiple solutions, and we solve using the Muller method. 6 3.1.2 e Ohlson and Juettner-Nauroth (2005) Model e Ohlson and Juettner-Nauroth (2005) model is expressed as equation (2). e definition of variables is the same as in Gebhardt et al. (2001) . Although γ plays an important role in this expression, how to decide its value is not definitively shown, even in Ohlson and Juettner-Nauroth (2005) . ey infer that, taking the value of EPS for example, the value is EPS t+1 = γEPS t , where γ>1. 7 In this study, we assume that γ is 1.03. 8 PEG Ratio, and EP Ratio in Easton (2004) In this study, we also examine the modified PEG ratio and the PEG ratio proposed by Easton (2004) in order to weigh the impacts of γ and the dividends involved in Ohlson and Juettner-Nauroth (2005) . e modified PEG ratio can be expressed by equation (3). 9 As seen in this expression, a modified PEG ratio is obtained by hypothesizing γ = 1 based on the condition that the abnormal earnings growth in the Ohlson and Juettner-Nauroth (2005) model is constant. Furthermore, the PEG ratio is based on the assumption of DPS = 0, in addition to the assumption in the modified PEG ratio. e PEG ratio can be expressed by equation (4).
We also examine the EP ratio, which is also regarded as a form of the abnormal earnings growth valuation model and is computed by equation (5). e EP ratio assumes that the abnormal earnings 6 e Muller method is described in general textbooks to explain the algorithm. Here, we refer to Scientific and Engineering Computation by Hayato Togawa, SAIENSU-SHA Co., Ltd., 1992. In addition to the Muller method, this equation can also be solved with the Newton method and the Traub method. e solution of a nonlinear equation can be computed, but it is not possible to limit oneself to only one solution; it is just one of many solutions. Under the Muller method, in cases where multiple solutions are obtained, the smallest one is adopted. 7 However, if γ > 1, the future value of EPS calculated by EPS t+1 = γ EPS t diverges. 8 Ohlson and Juettner-Nauroth (2005) stated that it is possible to unify γ of all firms within the range of 1.03-1.05. ey explain as follows (p. 359): "Perhaps the most logical interpretation is that the limit growth should correspond to the very long-run steady state in which a firm's growth in expected earnings equals the growth in expected GNP. It follows that one can argue that γ should be the same for all firms in the range of 1.03 to 1.05." growth = 0. In other words, the EP ratio is a model implying that, if forecasted earnings for the next year are available, a satisfactory corporate evaluation is possible.
Measuring Risk Factors
In this study, we adopt the following seven risk factors: 1) market beta, 2) unsystematic risk, 3) earnings variability, 4) leverage, 5) firm size, 6) long-term growth in expected earnings, and 7) bookto-market ratio. ese are the typical risk indicators adopted in prior studies (e.g., Gebhardt et al. 2001; Claus and omas 2001; Gode and Mohanram 2003; Easton 2004; Botosan and Plumlee 2005) .
Market Beta
Prior studies use market beta as a risk factor. eir argument is based on CAPM, which predicts a positive association between a firm's market beta and the risk premium. In addition, several studies show that there is statistically significant association between market beta and the risk premium (e.g., Gordon and Gordon 1997; Harris and Marston 1992; Marston and Harris 1993; Harris et al. 2002) . According to preceding studies, we estimate market beta (hereinafter referred to as Beta), using data on daily stock returns over the past year from the announcement date of analysts' forecasts by IBES.
Unsystematic Risk
Although some studies find no statistical relationship between unsystematic risk and expected return (see, e.g., Pratt and Grabowski 2008, p. 169 ), many prior studies show a positive association between unsystematic risk and future stock returns (e.g., Malkiel and Xu 1997) . We extract unsystematic risk by estimating the regression model in which daily stock returns in the previous year are a dependent variable and the stock returns of market portfolios are an independent variable. We then use the variance of the residuals obtained from the regression as a proxy for unsystematic risk (hereinafter referred to as Unsyst). Graham et al. (2005) provide survey evidence that corporate executives prefer smooth earnings, in part because they believe that higher earnings volatility increases the cost of capital. Francis et al. (2004) show a positive relation between earnings volatility and expected returns. We also predict a positive association between earnings variability and risk premiums. In prior studies, Gebhardt et al. (2001) and Gode and Mohanram (2003) measured earnings variability using the following procedures. First, they computed the following variables expressing earnings variability: 1) the mean absolute error of analyst forecasts over the past five years; 2) the coefficient of variation in EPS; and 3) the dispersion of analysts' forecasts. en, using factor analysis, they identified a single variable from these three variables, and used it as a criterion in expressing earnings variability. In this study, we measure earnings variability using the standard deviation of ROA (net income divided by total assets) over the past five years (hereinafter referred to as Earnvar). Modigliani and Miller (1958) demonstrate that the risk premium can be expressed as an increasing function of leverage. Fama and French (1992) show a positive association between leverage and realized stock returns. Dhaliwal et al. (2006) also find evidence that the equity risk premium is positively related to leverage. According to preceding studies, we use leverage measured as the ratio of the book value long-term debt to the market value of equity (hereinafter referred to as Leverage) as a risk factor. We predict a positive association between the risk premium and leverage.
Earnings Variability

Leverage
Firm Size
Numerous studies have shown the negative association between market capitalization and realized returns (e.g., Fama and French 1992; Berk 1995) . In addition, market capitalization can be a risk factor as a proxy for the information environment, which is affected by many factors, including trading volume, firm size, bid-ask spreads, and institutional factor; and these factors are highly correlated with each other. Prior studies show that firms that are better connected with information intermediaries, such as analysts and institutional investors, have lower risk premiums because the easy availability of information lowers the information asymmetry between a firm and its investors, and lowers the information risk for investors (e.g., Demsetz 1968; Copeland and Galai 1983; Glosten and Milgrom 1985; Amihud and Mendelson 1986; Diamond and Verrecchia 1991; Brennan and Swaminathan 1993; Handa and Linn 1993; Coles et al. 1995; Clarkson et al. 1996; Botosan 1997; Healy and Palepu 1999) . 10 erefore, we use the firm size measured by the log of the market value of equity (hereinafter referred to as Size) as a risk factor. According to preceding studies, we expect a negative association between the size and the risk premium. Gebhardt et al. (2001) and Gode and Mohanram (2003) use the long-term growth in expected earnings from IBES as a proxy for market mispricing, and predict a negative correlation between the risk premium and long-term growth. eir argument is based on two reasons. First, based on La Porta (1996), they argue that analysts are overoptimistic for high-growth firms and that their stock prices are too high, which results in a low risk premium. Gebhardt et al. (2001) explain the second reason for a negative association between long-term growth and the risk premium as follows. Residual income models assume that ROE reverts to the industry median ROE. If the industry median ROE is lower than the analysts' estimate of a firm's long-run ROE, then these firms will appear to have a higher price and a lower risk premium. erefore, a negative association between the risk premium and long-term growth is expected. In this study, we use the forecasted long-term growth reported by IBES to define variables regarding the long-term growth in expected earnings (hereinafter referred to as LTG). Gebhardt et al. (2001) and Gode and Mohanram (2003) control for the book-to-market ratio as measured by the log of the ratio of shareholders' equity to the market value of equity. is is consistent with Fama and French (1992) and Berk et al. (1999) . A high book-to-market (BM) ratio could reflect lower growth opportunities and lower accounting conservatism. As argued by Gode and Mohanram (2003) , it is difficult to conclude how the combination of these factors will influence the risk premium. According to preceding studies, however, we expect a positive correlation between the BM ratio and the risk premium. In this study, we estimate a variable of book-to-market ratio (hereinafter referred to as BM) as the log of the ratio of shareholders' equity to the market value of equity.
Long-Term Growth in Expected Earnings
Book-to-Market (BM) ratio
Sample and Descriptive Statistics
e sample of this study includes listed firms (excluding financial institutions) that had forecasts both one and two years ahead and a long-term growth forecast, all of which were announced simultaneously by IBES, during the period from 1987 to 2007. 11 us, 4,465 firm-years are extracted as a sample. 12 Earnings forecasts from IBES cover one-third of the Japanese listed firms. Earnings forecasts for different firms are announced every month. e earnings forecast seems to be irregularly announced, only when certain information is disclosed. In our analysis, we use forecast data announced in August. In a case where the earnings forecast in August is not available, we use forecast data announced in the nearest accounting month before August as a substitute.
We use consolidated financial statement data from Nikkei Media Marketing, Inc., Nikkei Financial Data, available on CD-ROM. If the data required for an estimation of the cost of capital and risk factors are unavailable, the firms are excluded from the sample. In particular, as earnings data over the past five years are required to compute the earnings variability, the sample for a forecast announced in 1987 requires ROA data since 1983. e industry median of the Gebhardt et al. (2001) model is computed by using the ROE of the same data from Nikkei Media Marketing and Nikkei industry code. We also obtain the daily stock price data from Nikkei Media Marketing, Inc., which is called the "daily Japanese stock return data." Since daily returns over the past year are required for the calculation of Beta and Unsyst, firms with a shorter period of listings than required are excluded from the sample. Given all of these requirements, the number of sample firms decreased to 3,976.
Furthermore, a firm for which the cost of capital cannot be estimated is excluded from the sample. In the Gebhardt et al. (2001) model, when the solution is negative or multiple solutions are obtained, such a firm is eliminated from the sample. In addition, when a solution cannot be specified or obtained, such a firm is also eliminated from the sample. Meanwhile, in both the Ohlson and Juettner-Nauroth (2005) and Easton (2004) models, it is required that an earnings forecast for two years ahead be higher than that for one year. A firm that does not fulfill the requirement is excluded from the sample. In the Ohlson and Juettner-Nauroth (2005) model with γ = 1.03, the costs of capital for some firms cannot be estimated. 13 As a result of considering the above-mentioned matters, the final sample consists of 3,517 firm-year observations. 14 11 Industries are classified by Nikkei industry code. 12 During the analysis period, 46,292 firm-years announce consolidated financial data. Among them, one-year-ahead forecasts of 21,005 firms and two-year-ahead forecasts of 27,873 firms are unavailable. Although some preceding studies use a three-yearahead earnings forecast, we use instead the long-term growth forecast for computation in this study. Since the databases of companies other than IBES seldom announce long-term growth, we have to use the IBES data. However, as many preceding studies in the U.S. use forecasts from IBES, it seems safe to assume that there is no problem. 13 We think that this is a significant problem. If the cost of capital cannot be computed just because a value to be assigned to the expression is limited, it may be argued that only preferable sample firms are selected. Also in this study, about 20% of firms are excluded from the sample due to the impossibility of calculation. 14 e final sample varies, depending on the model adopted for estimating the cost of capital. As this study focuses on a comparison of the costs of capital as estimated by each model, we conduct analyses with the Ohlson and Juettner-Nauroth (2005) 1 9 8 7 1 9 8 8 1 9 8 9 1 9 9 0 1 9 9 1 1 9 9 2 1 9 9 3 1 9 9 4 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8 1 9 9 9 2 0 0 0 2 0 0 1 2 0 0 2 2 0 0 3 2 0 0 4 2 0 0 5 2 0 0 6 2 0 0 7 Table 1 provides the descriptive statistics of the sample. 15 As for the cost of capital estimated in the Gebhardt et al. (2001) model (hereinafter referred to as GLS), the mean and the median are 4.3% and 3.6%, respectively. ese points are lower than those of the Ohlson and Juettner-Nauroth (2005) model (hereinafter referred to as OJ), which shows 17.0% and 9.9%, respectively. is is because, in estimating the cost of capital, Ohlson and Juettner-Nauroth (2005) take into account the abnormal earnings growth. In the PEG and modified PEG ratios in Easton (2004) (hereinafter referred to as PEG and MPEG, respectively) which ignore abnormal earnings growth and dividends, the mean values are 8.0% and 6.9%, respectively, and the medians are 8.8% and 7.8%, respectively, which are lower than those of the OJ model. However, they are still higher than those of the GLS model. 16 Table 2 (2004) MPEG: modified PEG ratio proposed by Easton (2004) Beta: market beta using daily stock returns over the past 1 year from the announcement date of analysts' forecasts by IBES Unsyst: unsystematic risk as measured by the residual from the regression over the previous year of a firm's daily return on the daily market return Earnvar: earning variability using the standard deviation of ROA (net income divided by total assets) over the past five years Leverage: leverage as the ratio of the book value long-term debt to the market value of equity Size: the natural log of the market value of equity LTG: forecasted long-term growth reported by IBES to define variables regarding the long-term growth in expected earnings BM: book-to-market ratio as the ratio of shareholders' equity to the market value of equity 18 In preceding studies, the correlation between GLS and OJ is quite high. For example, Gode and Mohanram (2003) and Botosan and Plumlee (2005) observed the correlation to be as high as 36%. In the analysis of this study, the correlation between GLS and OJ is almost 40% in the first half of the sampling period. For this reason, it has been found that the correlation is significantly dependent on the adopted sampling period. 19 To test the possible multi-correlation problem statistically, we calculated the VIF (variance inflation factor) statistics, and we find that the VIF values of the multi-regression model in the next section are all less than 10 for the multicollinearity detection point. erefore, we believe that our result is robust under multi-correlation problems. (2004) MPEG: modified PEG ratio proposed by Easton (2004) Beta: market beta using daily stock returns over the past 1 year from the announcement date of analysts' forecasts by IBES Unsyst: unsystematic risk as measured by the residual from the regression over the previous year of a firm's daily return on the daily market return Earnvar: earning variability using the standard deviation of ROA (net income divided by total assets) over the past five years Leverage: leverage as the ratio of the book value long-term debt to the market value of equity Size: the natural log of the market value of equity LTG: forecasted long-term growth reported by IBES to define variables regarding the long-term growth in expected earnings BM: book-to-market ratio as the ratio of shareholders' equity to the market value of equity Table 4 indicates a correlation matrix between each cost of capital and risk factor. Both GLS and OJ have two variables that are statistically significant and have expected signs. Leverage and BM in GLS, as well as Unsyst and Size in OJ, have the expected signs. 20 In EP, only LTG has the expected sign. 21 Meanwhile, PEG and MPEG have the most consistent correlation because six risk factors other than LTG are statistically significant and have the expected signs. erefore, PEG and MPEG are considered to have the most preferable correlation with risk factors in the entire sample.
Results
Univariate Analysis
Next, we compare the sample, dividing the period into the first half of 10 years and the latter half of 11 years in order to observe the tendencies in each period. 22 e result is presented in Table 5 . In the first half, OJ, PEG, and MPEG have a more consistent correlation with risk factors than with GLS and EP. In other words, four risk factors-including Earnvar, Leverage, Size, and BM-have the expected signs. In the latter half, however, while the number of variables with the expected signs increases in PEG and MPEG, only Unsyst and Size have a consistent correlation with OJ. Moreover, in EP, the number of such variables decreases, but in GLS, three variables have expected signs, as many as in the first half. Consequently, it is suggested that the abnormal earnings growth valuation model has a lower correlation with risks in the latter half of the analysis period.
Furthermore, Table 6 summarizes the results by year of correlation between the cost of capital and risk factors. 23 Leverage and BM in GLS have the expected sign and a significant correlation over almost the entire period. e correlation with Earnvar and Size is significant in more years in the latter half. On the other hand, in OJ, Unsyst, Leverage, Size, and BM have the expected signs in many years. However, as with Earnvar, the correlation with leverage has tended to be insignificant since 2000. In contrast to expectations, the correlation with BM since 2003 has tended to be significantly negative in the latter half. Meanwhile, in PEG and MPEG, several variables are found to have the expected signs and significant correlations over the entire year. ese tendencies imply that the results of Tables 5 and 6 are not caused by effects in specific years.
As a summary of the results above, we can argue as follows. According to the result of the entire sample, the correlation of PEG and MPEG with risk factors is the most consistent with the expected signs. Only in the first half of the analysis period, OJ is comparable to PEG and MPEG. However, in the latter half, the number of risk factors with expected signs decreases. While GLS is stable without a significant variation over the entire period, fewer risk factors show expected correlations in general, compared with PEG and MPEG. Consequently, in the correlation analysis, the PEG and modified PEG ratios are considered advantageous. 20 Beta and Unsyst in GLS, as well as BM in OJ, show a significant correlation with an unexpected sign. In EP, Beta, Unsyst, Earnvars, and Leverage have unexpected signs. As an additional analysis, we estimate Beta and Unsyst using different time period. We adopted an estimation period of both 180 days and three months prior to forecast data announcement by IBES. However, the remarkable differences in the main results are not found. 21 LTG in EP is contrary to the expectation that LTG and the cost of capital mostly have a significant and positive correlation.
Although the LTG sign forecast is based on Gode and Mohanram(2003) , even in their analysis, the same tendency is observed. erefore, our result is consistent with preceding studies. 22 In dividing the sample, it is possible to examine a structural change. However, as confirmed in Table 2 , the increasing variation in levels of cost of capital was observed around 1997, and so the way to divide the sample adopted here is deemed valid to some extent. We conducted a similar verification after dividing the sample into two around 2000. While the difference in adjusted R-squares among subsamples became smaller slightly, there were not the remarkable difference in analysis results. 23 Although we conducted an analysis of correlation by industry, notable tendencies could not be found. *** Statistically significant at the 0.01 level of significance using a two-tailed t-test. ** Statistically significant at the 0.05 level of significance using a two-tailed t-test. * Statistically significant at the 0.10 level of significance using a two-tailed t-test. Beta: market beta using daily stock returns over the past 1 year from the announcement date of analysts' forecasts by IBES Unsyst: unsystematic risk as measured by the residual from the regression over the previous year of a firm's daily return on the daily market return Earnvar: earning variability using the standard deviation of ROA (net income divided by total assets) over the past five years Leverage: leverage as the ratio of the book value long-term debt to the market value of equity Size: the natural log of the market value of equity LTG: forecasted long-term growth reported by IBES to define variables regarding the long-term growth in expected earnings BM: book-to-market ratio as the ratio of shareholders' equity to the market value of equity 
-0.064*** -0.004*** 0.050 0.011 0.007*** 0.003*** 0.000*** 0.032*** 0.319 (0.000) (0.005) (0.483) (0.152) (0.000) (0.000) (0.000) (0.000) OJ 1.110*** -0.030 2.224*** -0.095 0.024*** -0.032*** 0.100*** -0.029 0.124 (0.000) (0.142) (0.000) (0.336) (0.005) (0.000) (0.001) (0.102) EP 0.157*** -0.005 -0.405*** -0.111*** -0.011*** -0.003*** 0.000 0.003 0.133 (0.000) (0.110) (0.000) (0.000) (0.000) (0.000) (0.181) (0.205) PEG 0.142*** 0.001 0.250*** 0.051*** 0.017*** -0.004*** 0.000*** 0.019*** 0.227 (0.000) (0.602) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) MPEG 0.009 0.005* 0.276*** 0.077*** 0.019*** 0.001 0.000*** 0.023*** 0.188 (0.708) (0.095) (0.000) (0.000) (0.000) (0.454) (0.003) (0.000)
Note: is table shows the result of pooled regression. ere are 3,517 observations in the sample from 1987-2007. Indicator for the year and the industry are included but not reported. P-values are in parentheses. *** Statistically significant at the 0.01 level of significance using a two-tailed t-test. * Statistically significant at the 0.10 level of significance using a two-tailed t-test. GLS: the cost of capital inferred using Gebhardt et al. (2001) model. OJ: the cost of capital inferred using Ohlson and Juettner-Nauroth (2005) model EP: expected earnings to price ratio PEG: PEG ratio proposed by Easton (2004) MPEG: modified PEG ratio proposed by Easton (2004) Beta: market beta using daily stock returns over the past 1 year from the announcement date of analysts' forecasts by IBES Unsyst: unsystematic risk as measured by the residual from the regression over the previous year of a firm's daily return on the daily market return Earnvar: earning variability using the standard deviation of ROA (net income divided by total assets) over the past five years Leverage: leverage as the ratio of the book value long-term debt to the market value of equity Size: the natural log of the market value of equity LTG: forecasted long-term growth reported by IBES to define variables regarding the long-term growth in expected earnings BM: book-to-market ratio as the ratio of shareholders' equity to the market value of equity 
-0.033*** -0.001 -0.034*** -0.012* 0.005*** 0.002*** 0.000*** 0.025*** 0.191 (0.002) (0.265) (0.010) (0.090) (0.000) (0.000) (0.000) (0.000) OJ 1.468*** 0.016 1.353*** -0.100 0.018** -0.051*** 0.001*** -0.104*** 0.076 (0.000) (0.380) (0.000) (0.350) (0.026) (0.000) (0.000) (0.000) EP 0.165*** -0.008*** -0.417*** -0.112*** -0.007*** -0.003*** 0.000** -0.012*** 0.099 (0.000) (0.005) (0.000) (0.000) (0.000) (0.000) (0.021) (0.000) PEG 0.170*** 0.013*** 0.153*** 0.053*** 0.012*** -0.005*** 0.000*** 0.018*** 0.146 (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) MPEG 0.019 0.016*** 0.194*** 0.083*** 0.012*** 0.000 0.000*** 0.026*** 0.122 (0.404) (0.000) (0.000) (0.000) (0.000) (0.714) (0.001) (0.000)
Note: is table shows the result of regression dividing into two periods. Panel A shows the result of first half of ten years, and Panel B shows the result of last half of eleven years. Indicator for the year and the industry are included but not reported. P-values are in parentheses. *** Statistically significant at the 0.01 level of significance using a two-tailed t-test. * Statistically significant at the 0.10 level of significance using a two-tailed t-test. GLS: the cost of capital inferred using Gebhardt et al. (2001) model. OJ: the cost of capital inferred using Ohlson and Juettner-Nauroth (2005) model EP: expected earnings to price ratio PEG: PEG ratio proposed by Easton (2004) MPEG: modified PEG ratio proposed by Easton (2004) Beta: market beta using daily stock returns over the past 1 year from the announcement date of analysts' forecasts by IBES Unsyst: unsystematic risk as measured by the residual from the regression over the previous year of a firm's daily return on the daily market return Earnvar: earning variability using the standard deviation of ROA (net income divided by total assets) over the past five years Leverage: leverage as the ratio of the book value long-term debt to the market value of equity Size: the natural log of the market value of equity LTG: forecasted long-term growth reported by IBES to define variables regarding the long-term growth in expected earnings BM: book-to-market ratio as the ratio of shareholders' equity to the market value of equity *** Statistically significant at the 0.01 level of significance using a two-tailed t-test. ** Statistically significant at the 0.05 level of significance using a two-tailed t-test. * Statistically significant at the 0.10 level of significance using a two-tailed t-test. Beta: market beta using daily stock returns over the past 1 year from the announcement date of analysts' (Continued) Table 7 shows the estimation result of a multiple regression model in which costs of capital estimated by each model are dependent variables and seven risk factors are independent variables. In order to control the effects of year and industry, we regress the model including year dummies and industry dummies. According to the result of Table 7 , the adjusted R-square of GLS is the highest, 31.9%. However, among risk factors included in independent variables, only the coefficients of Leverage and BM have the expected signs, and this result should be interpreted carefully. On the other hand, as for OJ, three risk factors-including Unsyst, Leverage, and Size-have the expected signs and significant values, but the adjusted R-square is about 12%, lower than that of other models. According to the results of PEG and MPEG, five risk factors, including Unsysts, Earnvar, Leverage, Size, and BM, have the expected signs and significant values. e R-squares are, respectively, 22.7% and 18.8%, higher than the one for the OJ model. As with the result of the correlation matrix, from the viewpoint of the correlation with individual risk factors, the PEG and modified PEG ratios appear to be advantageous. Gode and Mohanram (2003) compared GLS and OJ, obtaining a result that showed hardly any differences between them. However, our result is different from theirs, in terms of the considerable variation in the signs of estimated coefficients and their levels of significance.
Multivariate Analysis
In order to analyze this tendency in detail, as with the correlation analysis, we regress the model by dividing the period into 10 years in the first half and 11 years in the latter half. e result is shown in Table 8 . As for any costs of capital, the adjusted R-square in the first half is higher than in the latter half. It is also found that the values of the cost of capital reflect more risks in the first half. In particular, the R-squares of EP and PEG are, respectively, 51.9% and 44.7%, higher than 42.0% of GLS. Briefly, the reason why the R-square of GLS is high in the analysis with the entire sample is a relatively higher power of explanation for the model in the latter half. Table 9 shows the result of a year-by-year regression. 24 In the comparison of R-squares, we found that OJ, PEG, and MPEG are high in the first half, and GLS is high in the second half. e result in Table 8 is not affected by a specific year. Focusing on signs of coefficients and levels of significance, the following tendency can be pointed out. Specifically, as GLS has a positive and significant correlation with leverage in 15 years out of 20, and with BM in 17 years, its result is stable. On the other hand, OJ has a positive and significant correlation with Unsyst in 8 years, relatively more years than in other models. In PEG and MPEG, more variables have the expected signs and significant values over the entire period, whereas in EP, few variables have the expected signs and significant values over the entire period. ese results are consistent with the correlation analysis. forecasts by IBES Unsyst: unsystematic risk as measured by the residual from the regression over the previous year of a firm's daily return on the daily market return Earnvar: earning variability using the standard deviation of ROA (net income divided by total assets) over the past five years Leverage: leverage as the ratio of the book value long-term debt to the market value of equity Size: the natural log of the market value of equity LTG: forecasted long-term growth reported by IBES to define variables regarding the long-term growth in expected earnings BM: book-to-market ratio as the ratio of shareholders' equity to the market value of equity e results in this section are summarized as follows. We find that GLS is the indicator that has the highest R-square and reflects risks the best in the entire sample. is tendency shows especially in the latter half. However, in the first half, the R-squares of EP and PEG are higher. Furthermore, in GLS analysis using entire sample, the fact that several coefficients have unexpected signs is still controversial. Costs of capital that show preferable results in terms of R-square, the sign, and significance over the entire period are PEG and MPEG. For this reason, the PEG and modified PEG ratios appear to be advantageous.
Conclusion
In this study, we estimate an alternative implied cost of capital as inferred from a valuation model, and attempt to compare its validity.
Many valuation models have been proposed to estimate the implied cost of capital, and their results vary, depending on assumptions for earnings growth, dividends, and the forecast period. Among them, we compare the following models: 1) the model proposed by Gebhardt et al. (2001) , 2) the model proposed by Ohlson and Juettner-Nauroth (2005) , 3) the EP ratio 4) the PEG ratio, and 5) the modified PEG ratio, both PEG ratios being proposed by Easton (2004) . As criteria to evaluate their validity, we focus on the following two points. One is a significant correlation with risk factors in consistency with the expected sign. Another is that variables have the expected signs, and the adjusted R-square is high in the multiple regression model, in which the cost of capital is a dependent variable and the risk factors are independent variables. We use seven risk factors as follows: 1) Beta, 2) Unsystematic risk, 3) Earnings variability, 4) Leverage, 5) Size, 6) Long-term growth in expected earnings, and 7) Book-to-market ratio.
As the result of the univariate analysis, we found the PEG and modified PEG ratios to show a significant correlation in consistency with the expected sign. Although the cost of capital inferred by the Ohlson and Juettner-Nauroth (2005) model also shows a preferable correlation in just the first half of the analysis period, the one in the latter half is not as correlative as expected. e cost of capital estimated by the Gebhardt et al. (2001) model has the expected correlations with just a few risk factors over the entire period.
In the multiple regression analysis, the Gebhardt et al. (2001) model shows the highest R-square. However, in this model, few of the coefficients of independent variables are consistent with the expected sign. In the first half of the analysis period, the R-squares in the EP and PEG ratios are rather higher. Furthermore, in the PEG and modified PEG ratios, the most coefficients have the expected signs.
We conclude that the PEG and modified PEG ratios reflect the risk factors most appropriately and that they are superior to other models. e estimated value of the cost of capital can be used for the valuation and forecast of risks associated with capital investment. e result suggests that more appropriate risk valuation and forecast will be enabled if the PEG and modified PEG ratios are used as a form of the abnormal earnings growth valuation model.
However, some problems remain in this study. e result obtained here implies that the cost of capital can be appropriately estimated in Japan by assuming that the abnormal earnings growth is zero in the abnormal earnings growth valuation model. In preceding studies, however, it has been argued that the PEG and modified PEG ratios cause a downward bias in general due to the assumption that the abnormal earnings growth and dividends are zero. is argument is inconsistent with our results; therefore, we must examine this inconsistent result in detail. Furthermore, some recent studies have argued that the correlation with risk factors should be analyzed not at the firm level, but at the portfolio level. ough we analyze at the firm level in order to ensure comparability with many preceding studies, analysis must occur at the portfolio level in the future.
